Rhododendron anthopogonoides belongs to the family Ericaceae and is distributed throughout southern China. This plant is used in traditional medicine as an expectorant and for chronic bronchitis. The crude drug contains several flavonoids, essential oils, triterpenes, and tannins. 1) In our screening program for anti-allergic agents from natural sources, we found that a 60% EtOH extract of R. anthopogonoides inhibited compound 48/80-induced histamine release from rat mast cells. As part of our ongoing phytochemical and anti-allergic agent studies on Rhododendron plants, we reported the isolation of four new chromene derivatives, namely daurichromenes A-D, from R. dauricum, 2) and four new chromane and chromene derivatives, namely anthopogochromane, anthopogochromenes A-C, from R. anthopogonoides. 3) In our continuing search for anti-allergic agents from the hexane layer of R. anthopogonoides, we isolated two new chromane and chromene derivatives (1, 2), together with six related compounds (3-8). This paper deals with the isolation and the absolute stereostructural elucidation of these compounds, as well as their inhibitory effects on histamine release.
a chelated hydroxy group (d H 11.11) . The 13 C-NMR spectrum exhibited the presence of 18 carbon signals comprising a carboxy, a benzene ring, four methyls, two methylenes, three aliphatic methines, and two quaternary carbons including an oxygen-bearing quaternary carbon. The presence of a cyclol [4] [5] [6] unit, characterized by a dihydropyran, a cyclopentane and a cyclobutan ring, was deduced from the 1 H-1 H correlation spectroscopy (COSY) and heteronuclear multiple bond connectivity (HMBC) spectra. The HMBC correlations of H 3 -16 with C-4a, C-5, and C-6; H-8 with C-4a, C-6, C-7, and C-8a; and H-4 with C-2, C-4a, C-5, and C-8a, indicated that a methyl group, a carboxy group, and a chelated hydroxy group were located at C-5, C-6, and C-7, respectively. The relative stereochemistry of 1 was assigned on the basis of the difference nuclear Overhauser effect (NOE) experiments ( Fig. 2) . Irradiation of the signal at H-3 enhanced the signal intensity of H-4, H-11 and H 3 -15, irradiation of the signal at H-4 enhanced the signal intensity of H-3, and H 3 -14, and irradiation of H-11 enhanced the signal intensity of H-3 and H 3 -14. Thus, it was found that H-3, H-4, H-11, H 3 -14, and H 3 -15 have the same orientation as in 6. Furthermore, the highly shielded methyl proton signal at H 3 -13 (d H 0.68) was explained by the anisotropic effect of the aromatic ring. The absolute configuration of C-2 in 1 was investigated by circular dichroism (CD) spectrum ( Fig. 3 ), which showed that 1 had negative Cotton effects for the 1 L b band at 306 nm. The sign of this long wavelength Cotton effects resulted from the bathochromic shift of 1 L b band due to carboxy group at C-6. Based on these results, C-2 was determined to have an S-configuration based on the helicity rule for P-helicity of the chiral chromane ring system ( Fig. 5 ). [7] [8] [9] [10] [11] This assumption showed good agreement with CD data of rhododaurichromanic acids A and B, 12) the absolute configurations were determined by X-ray diffraction as S-configuration.
Anthopogochromenic acid (2) was obtained as a brown oil, [a] D 23 ϩ188.7°(cϭ1.0, MeOH). The molecular formula was deduced to be C 18 H 22 O 4 by HR-FAB-MS. The UV and IR spectral data showed it to be a phenolic compound. The 1 H-NMR spectrum indicated the presence of an aromatic methyl proton at d H 2.55, a penta-substituted aromatic ring from an aromatic proton at d H 6.28, a pair of cis-coupled olefinic protons at d H 5.57 (d, Jϭ10.0 Hz) and 6.61 (d, Jϭ10.0 Hz), and a chelated hydroxy group. The presence of a penta-substituted aromatic ring as seen in 1 and a 4-methyl-3-pentenyl unit were deduced from the 1 H-1 H COSY and HMBC spectra. The HMBC correlations of d H 1.39 (H 3 -15) with d C 78.9 (C-2), 127.6 (C-3), and 41.5 (C-9) indicated that a methyl group and a 4-methyl-3-pentenyl group were located at C-2 in the chromene ring ( Fig. 1) . Thus, the structure of 2 was established to be 2-(4-methyl-3-pentenyl)-7-hydroxy-2,5-dimethyl-2H-chromene-6-carboxylic acid. The absolute configuration of C-2 in 2 was established to be S based on the positive Cotton effects for the band at 270-300 nm due to the M-helicity of the chromene ring system (Figs. 4, 5). [7] [8] [9] [10] [11] Compounds 3-8 were determined to be cannabiorci- chromenic acid (3), 13) cannabiorcicyclolic acid (5), 14) synthetic analogues 4, 6 and 7, 15) and geranyl orsellinic acid (8) 16) by comparison of their spectral data with those reported. This is the first time that 3 and 5 have been isolated from R. anthopogonoides. Compounds 4 and 6-8 have already been synthesized but have not yet been isolated from a natural source. Furthermore, the absolute configuration of C-2 in 3- 7 has not yet been established, and was determined to be S based on the Cotton effects in the CD spectrum as 1 and 2 (Figs. 3, 4) . The M-helicity of the chromene ring systems culminated in positive Cotton effects, and the P-helicity of the chromane ring systems culminated in negative Cotton effects for the band at 270-300 nm.
It is very convincing that they have the same absolute configurations from the biosynthetic origin, because the formations of cannabicyclol (CBL)-type or cannabicitran (CBT)type cannabinoids are explained by cyclization of cannabichromene (CBC)-type cannabinoid. These reactions are considered to be the same situation as in 1-7, that is to say the CBL-type compounds identified as 1, 5 and 6 originated by cyclization of C-3-C-4 and C-11-C-12 in CBC-type compounds as 2, 3 and 4, and the CBT-type compound as 7 originated by cyclization of C-4,5-OH and C-11-C-12 in CBC-type compound as 4. In addition, it is very interesting that 1-7 and the cannabinoids are produced by similar enzyme systems which catalyze the same rearrangements of the isoprenyl side chain.
We have examined the inhibitory activity of 1-8 on compound 48/80-induced histamine release from peritoneal mast cells in rats. The inhibitory effects of 2 (IC 50 ϭ64 mM), 4 (IC 50 ϭ87 mM) and 6 (IC 50 ϭ83 mM) were comparable to that of the potent anti-inflammatory drug indomethacin (IC 50 ϭ 250 mM); however, the other compounds did not possess any inhibitory activity. We previously reported that other chromene derivatives 2) showed potent inhibitory effects on histamine release, and we observed that those compounds were superior to 2, 4 and 6. These findings suggest that the length of a chromene-connected isoprenyl side chain is important for the potency of inhibition of histamine release. Moreover, the increase of aqueous due to the combination of a carboxy group or a hydroxy group with the geranyl chain of chromene derivatives is expected to have an impact on the potency of the inhibitory effect on histamine release.
Experimental
General Experimental Procedures Optical rotations were measured with a JASCO DIP-36 digital polarimeter. IR spectra were recorded on a JASCO FT/IR-300. UV spectra were obtained on a UV-160 (Shimadzu) and MS on a JEOL JMS GCmate spectrometer. CD spectra were obtained with a JASCO J-600 spectrophotometer. NMR spectra were taken on a Mercury-300BB Varian FT NMR spectrometer, using tetramethylsilane (TMS) as an internal standard. Column chromatography was performed on silica gel (Wako gel C-300, Wako Pure Chemical Industries Ltd.). High performance liquid chromatography (HPLC) was carried out with silica gel (YMC-Pack SIL-06, YMC-Guardpack SIL-06).
Plant Material The leaves and twigs of R. anthopogonoides were collected in Kangding county of Sichuan province in China, in July 2003. A voucher specimen has been deposited at the College of Pharmacy, Nihon University.
Extraction and Isolation The leaves and twigs of R. anthopogonoides (860 g) were crushed and extracted twice with 60% EtOH. Evaporation of the solvent under reduced pressure gave the 60% EtOH extract [193 g, inhibitory effect IC 50 ϭ22.9 mg/ml]. The extract was dissolved and suspended in water and partitioned with n-hexane, EtOAc and n-BuOH, successively. Evaporation of solvent yielded n-hexane fraction (13.0 g, 18.6 mg/ml), EtOAc fraction (40.4 g, 53.7 mg/ml), n-BuOH fraction (38.8 g, Ͼ100 mg/ml) and aqueous fraction (55.1 g, Ͼ100 mg/ml). The n-hexane fraction was subjected to silica gel column chromatography with n-hexane-EtOAc (98 : 2 to 0 : 100) to give fractions 1 (0.33 g), 2 (4.19 g), 3 (2.00 g), 4 (0.84 g), and 5 (1.18 g). Fraction 3 was chromatographed on an ODS column using 80% CH 3 OH to give four fractions (3-1-3-4), and fraction 3-2 (0.18 g) was purified by HPLC (column: silica gel YMC-Pack SIL-06, n-hexane-EtOAc 92 : 8) to give 1 (14.6 mg). Fraction 3-3 (0.13 g) was purified by HPLC (column: silica gel YMC-Pack SIL-06, n-hexane-EtOAc 93 : 7) to give 2 (24.9 mg). Fraction 3-4 (0.10 g) was purified by HPLC (column: silica gel YMC-Pack SIL-06, n-hexane-EtOAc 93 : 7) to give 8 (30.4 mg). Fraction 2 was purified by HPLC (column: silica gel YMC-Pack SIL-06, nhexane-EtOAc 90 : 10) to give 3 (85.0 mg), 4 (152.6 mg), 6 (66.6 mg), and 7 (6.2 mg). Fraction 1 was purified by HPLC (column: silica gel YMC-Pack SIL-06, n-hexane-EtOAc 97 : 3) to give 5 (18.5 mg).
Anthopogocyclolic Acid (1) Inhibitory Activity on Histamine Release from Mast Cells The preparation of mast cells and the assay of histamine release from mast cells were performed by the modified method of Hirai et al. 17) Male Wister rats (Japan SLC, Shizuoka) weighing 180-200 g were exsanguinated and injected intraperitoneally with 10 ml of Tyrode's solution. The abdominal region was massaged for 3 min and then the peritoneal exudates were collected. The peritoneal cavity fluid containing mast cells was suspended in phosphate-buffered saline (PBS), then layered on bovine serum albumin (dϭ1.068) in a test tube on ice for 20 min. After centrifugation at 300 rpm at 4°C for 10 min, the layer containing mast cells was pipetted out. The cells were washed three times with 3 ml PBS (pH 7.0) and suspended in the same medium. Cell viability was determined using trypan blue (10 ml) at 37°C for 10 min, followed by the addition of histamine releasers (Compound 48/80, 5 mg/ml). The mixture was incubated again for 10 min, the quantity of histamine released was expressed in peak height, and percent inhibition was then calculated. Indomethacin was used as a standard drug. 
